Secular changes in growth have been well documented in various world populations, with secular increase especially noticeable in the developed countries. Accordingly, we have been monitoring the secular changes in growth status among the 6th year children in primary schools (6thPS, 11-12 years old) and 3rd year children in junior high schools (3rdJHS, 14-15 years old) in the city of Sendai since 1934. After World War II, both primary school children and junior high school students showed marked increases in height and weight up to the early 1970s. Acceleration and the subsequent reduction in the degree of acceleration in growth were observed in 1965-1974 and 1975-1984 , respectively, and were followed by reacceleration in [1985] [1986] [1987] [1988] [1989] [1990] [1991] [1992] [1993] [1994] . The aim of this study was to assess the growth changes among Sendai schoolchildren in [1994] [1995] [1996] [1997] [1998] [1999] [2000] [2001] [2002] [2003] . The period between 1994 and 1999 was characterized by positive trends both in height and weight among schoolchildren. However, the degree of the increases in height and weight was diminished between 1999 and 2003. The linear regression analysis revealed the significant increases in mean weight during the 10-year study period in 6thPS boys and 3rdJHS boys and girls. In contrast, there was no significant increase in mean height in any group. These findings suggest the leveling-off of the mean body height and weight among schoolchildren in Sendai at the end of the 20th century. Additional study is needed to examine possible explanations and consequences of these secular trends.
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It is widely accepted that the growth of children, especially secular gains or loss height and weight, is a general marker of the health of children in the community. Moreover, it is assumed that the secular changes are affected by environmental conditions such as inadequate nutrition, poverty and suffering. A positive secular change is assumed to reflect improvements in the nutritional, hygienic and health status of children.
Studies in many countries have revealed a gradual increase in the mean height of adults, as well as children and adolescents. During the past century, in many industrialized countries, striking increases in the mean stature have been observed (Malina 1990; Cole 2000 Cole , 2003 . We have also been monitoring the secular changes in growth of the 6th year children in primary schools (6thPS, 11-12 years old) and 3rd year children in junior high schools (3rdJHS, 14-15 years old) in the city of Sendai since 1934 (pre-World War II days) ( Fig. 1 ) (Kondo et al. 1978; Ikeda et al. 1983; Nakatsuka et al. 1988 Nakatsuka et al. , 1998 . It was previously made clear that the schoolchildren in Sendai were always taller and heavier than those of the preceding year, and that the increments were as large as 0.5 cm and 0.4 kg per year from the late 1940s to the early 1970s (Kondo et al. 1978) . However, the annual gains in height and weight in 1973 to 1987 were only one-third to one-sixth of the counterpart values in [1960] [1961] [1962] [1963] [1964] , when the annual gains were the largest both for boys and girls (Ikeda et al. 1983) . Accordingly, it has been considered that the body size curve of schoolchildren in Sendai would reach a plateau in the near future.
However, a new trend of the increase in body size gain was observed from the late 1980s to the early 1990s (Nakatsuka et al. 1998) . The patterns of the trend in growth status among Sendai schoolchildren seem to have changed in a cycle of about 10 years. Accordingly, the purpose of this report was to clarify and confirm changes of body height and weight of schoolchildren in the mid1990s and the following decade in Sendai, Japan.
MATERIALS AND METHODS
Boys and girls in the 6th grade of primary school (6thPS) and in the 3rd year of junior high school (3rdJHS) in the city of Sendai have been examined for height and body weight since 1934 (Kondo et al. 1978; Ikeda et al. 1983; Nakatsuka et al. 1988 Nakatsuka et al. , 1998 . The Sendai City Education Commission supplied the measurements to our department for statistical evaluation. The data were stored in the Height-Weight Data File of Sendai City School Children.
The area of the city was expanded in 1988 by merging with surrounding towns. Accordingly, the measures of the children in the premerger area were selected for better comparison (Nakatsuka et al. 1998 ).
Data were analyzed by age and gender because of the substantial differences in growth at different ages and between boys and girls. The time-dependent changes of height and weight were tested by one-way analysis of variance. To assess trends of growth of schoolchildren, linear regression analysis was carried out for the mean height and weight. The regression coefficient expresses the average change per year in the mean height and weight. JMP for Mac (Ver. 7.0.2, SAS Institute) software Solid and dotted lines are for boys and girls, respectively. Note that the figure contains the data (from 1934 to 1994) published in the original reports (Kondo et al. 1978; Nakatsuka et al. 1998) , with permission from Tohoku University Medical Press.
was used for analysis. This study was approved by the Medical Ethics Committee of the Tohoku University Graduate School of Medicine.
RESULTS
The number of subjects and the changes in the mean and standard deviation of height and weight are shown in Tables 1 and 2 . As for 6thPS, the greatest differences in height were 1.01 cm and 0.69 cm for boys and girls, and those in weight were 1.42 kg and 1.21 kg for boys and girls, respectively, during the study period between 1994 and 1999 (Table 1) . After 1999, the mean height and weight tended to decrease among boys and girls, although there was no sta- Shown are the numbers of subjects (n), mean height, weight and standard deviations (S.D.) by gender in 6th graders of primary school. Note that the mean height in 1994 in the 6th grade children in primary schools was "148.63 cm", which was, however, printed as 149.6 cm in the previous article (Nakatsuka et al. 1998 ), due to a transcription error. Accordingly, the value of annual gain in height in 6th grade in primary schools in 1985-94 should be read as 0.187 in Table 3 of the previous article (Nakatsuka et al. 1998 ). These changes did not influence the interpretation of the results. The changes were even better understood when regression lines were calculated for height and weight of boys and girls both in primary schools and junior high schools in Sendai. The results of linear regression analysis revealed that significant increases in mean weight occurred during the 10-year study period in 6thPS boys, and 3rdJHS boys and girls (Table 3) . However, there was no significant increase in mean height in any group in the linear regression analysis.
DISCUSSION
It was previously made clear that the children of a given year were always taller and heavier than their counterparts of the preceding year, and that the increments were once as large as 0.5 cm and 0.4 kg per year (Kondo et al. 1978) . Such acceleration in growth was then followed by a gradual reduction in the degree of acceleration in the years around 1980 (Ikeda et al. 1983; Nakatsuka et al. 1988) . However, the continuation of the monitoring disclosed reacceleration in growth from 1985 to 1994, although the reacceleration was evident only among 6thPS (Nakatsuka et al. 1998) . The above reports indicated the intensive process of the acceleration and/or deceleration of physical development among schoolchildren in Sendai until the middle of the 1990s (Fig.  1) .
In this study, the period between 1994 and 1999 was characterized by positive trends in both height and weight for 6thPS. After 1999, the degree of the increases in height and weight was diminished between 1999 and 2003; indeed, there was no significant decrease in mean height during this period. In addition, there were no significant differences in the mean heights of 3rdJHS among these years. Accordingly, these findings suggest a leveling off of the trend in height among schoolchildren in Sendai at the end of the 20th century. In connection with the observed diminishment in height of boys and girls, it would be interesting to determine the status of the developmental tempo, which is the rate at which children mature, as measured by bone age or pubertal stage (Cole 2000) . Unfortunately, there is no related information about the developmental tempo in Sendai schoolchildren.
Our finding of the leveling-off of the mean height in schoolchildren is consistent with a wide range of studies from other countries that also indicate a slowing down or recent halt of the secular changes in height of children of school age at the end of the 20th century (Fredriks et al. 2000;  Coefficient is the slope of the regression line. Accordingly, coefficient means the increase in mean height (cm) or mean weight (kg) per year. Freedman et al. 2000; Loesch et al. 2000; Murata 2000; Hulens et al. 2001; Krawczynski et al. 2003; Padez 2003; Zellner et al. 2004; Kim et al. 2008) . The results of these reports do not necessarily match in all details because of the different geographical regions, different age groups, different sample sizes and so on, but the general conclusion appears to be consistent.
The mean weight in the present study showed slight but significant increases between 1994 and 2003 in boys and girls of 3rdJHS and boys of 6thPS. In addition, the increase trend in mean weight was stopped among schoolchildren of 6thPS since 1999. It was speculated that unsuitable socioeconomic conditions might result in a delay of biological maturation and limit growth. For example, in the city of Sendai, decreases in height and weight were observed among schoolchildren in the early 1940s. The observed deceleration of physical development was probably a consequence of World War II (poor living conditions, especially major quantitative and qualitative dietary deficiencies) (Kondo et al. 1978) . The less intense acceleration in Sendai schoolchildren in the mid-1970s may have been related to economic factors (e.g. the energy and money market crisis, and recession) in Japan. In the 1990s, there was also an economical depression in Japan. Accordingly, the diminishment of the increases in the mean height and weight in Sendai schoolchildren, especially 6thPS, were probably related to socioeconomic status. However, we could not confirm the relationships between these factors and the change of body weight because one limitation of this study is that we did not obtain data on the socioeconomic status of Sendai city and individual schoolchildren.
In conclusion, the present study has shown that the degree of the increase in growth status among Sendai schoolchildren was diminished at the end of 20th century. Future study is aimed to determine if these secular trends are continuing and to examine possible explanations for and consequences of these trends.
